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According to the introduction of a minimal length to quantum field theory which is directly
related to a generalized uncertainty principle the implementation of the gauge principle becomes
much more intricated. It has been shown in another paper how gauge theories have to be extended in
general, if there is assumed the existence of a minimal length. In this paper this generalization of the
description of gauge theories is applied to the case of Yang-Mills theories with gauge group SU(N)
to consider especially the application to the electroweak theory as it appears in the standard model.
The modifications of the lepton-, Higgs- and gauge field sector of the extended Lagrangian of the
electroweak theory maintaining local gauge invariance under SU(2)L ⊗ U(1)Y transformations are
investigated. There appear additional interaction terms between the leptons or the Higgs particle
respectively with the photon and the W- and Z-bosons as well as additional self-interaction terms
of these gauge bosons themselves. It is remarkable that in the quark sector where the full gauge
group of the standard model, SU(3)c ⊗ SU(2)L ⊗ U(1)Y , has to be considered there arise coupling
terms between the gluons und the W- and Z-bosons which means that the electroweak theory is not
separated from quantum chromodynamics anymore.
I. INTRODUCTION
Any approach to a consistent formulation of a quantum theory of gravity seems to imply the existence of a mini-
mal length scale in nature. Through the introduction of a generalized uncertainty principle the consequence of such
a minimal length to relativistic quantum field theories can be described [1],[2],[3]. The assumption of a general-
ized uncertainty principle corresponds to an extension of the usual Heisenbergian commutation relation between the
position operator and the momentum operator in quantum mechanics. This means that the commutator between
the position operator and the momentum operator is not independent of the position operator and the momentum
operator anymore. If the commutator depends on a function of the momentum operator, this implies that there
exists an additional minimal uncertainty of position itself and not only between position and momentum and this
corresponds to the introduction of a minimal length. Of course, the extension of the commutation relation between
the position operator and the momentum operator causes a modification of the expression describing the momen-
tum operator in position space. Inserting the modified momentum operator to quantum theoretical field equations
leads to a corresponding modification of the dynamics they describe and in this sense to an extended formulation of
these quantum field theories. There have been explored many aspects of quantum mechanics and quantum field the-
ory [2],[3],[4],[5],[6],[7],[8],[9],[10],[11],[12],[13],[14],[15],[16],[17],[18],[19],[20],[21],[22] as well as many issues concerning
gravity [23],[24],[25],[26],[27],[28],[29],[30],[31],[32],[33],[34],[35],[36],[37],[38],[39],[40],[41],[42],[43],[44],[45],[46],[47],[48]
under incorporation of a generalized uncertainty principle. Another very important question concerning the in-
corporation of a minimal length to quantum field theory is the formulation of realistic interaction theories as they are
delivered by the standard model of particle physics. Since all realistic quantum field theories containing a description
of interactions are formulated as gauge theories and the gauge principle is therefore a constitutive ingredient of these
theories, it is a precondition for the treatment of the interaction theories of the standard model under incorporation
of a minimal length to consider the relation between the generalized uncertainty principle on the one hand and the
gauge principle on the other hand. In [8] the concern of gauge invariance in the context of quantum electrodynamics
with a minimal length induced by a generalized uncertainty principle has already been treated. A general description
of the incorporation of the generalized uncertainty principle to gauge theories has been given in [49] and there have
been considered the special cases of quantum electrodynamics and the SO(3, 1) gauge description of gravity as well.
It is inevitable to perform a series expansion, because the representation of the momentum operator in position space
contains an infinite number of derivative terms, which all have to be replaced by covariant derivatives to maintain
invariance under local gauge transformations. In [49] there has been used a series expansion in the modification param-
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2eter of the generalized uncertainty principle in contrast to [8] where has been used a series expansion in the product of
the gauge coupling constant and the modification parameter. A series expansion in the modification parameter implies
for abelian as well as non abelian gauge theories additional interaction terms between the matter field and the gauge
field as well as additional self-interaction terms of the gauge field already in a calculation to the first order. In the
present paper the consideration of gauge theories under incorporation of a generalized uncertainty principle [49] shall
be applied to another realistic quantum field theory, namely the electroweak theory of the standard model [50],[51]. A
precondition for the formulation of the electroweak theory under incorporation of a generalized uncertainty principle
is the consideration of general Yang-Mills gauge theories with gauge group SU(N) [52],[53], since the electroweak
theory is based on gauge group SU(2)L ⊗ U(1)Y . It is a very important property of the application of the gauge
principle to quantum field theories under incorporation of a generalized uncertainty principle that the combination
of two gauge groups leads to an intersection of the corresponding gauge potentials because of the appearing products
of covariant derivatives. This has not only the consequence that the photon couples to the W- and Z-bosons in such
a generalized version of the electroweak theory, but it also causes a combination of the electroweak gauge potential
with the gauge potential of quantum chromodynamics in the presence of the full gauge group of the standard model,
SU(3)c ⊗ SU(2)L ⊗ U(1)Y , as it has to be considered in the quark sector of the standard model.
The paper is structured as follows: First there is given a short repitition of the incorporation of the generalized un-
certainty principle to free field equations and the corresponding generalization of the gauge principle in general. After
this there is investigated the case of general Yang-Mills theories with gauge group SU(N). This is the precondition to
consider the special realistic case of the electroweak interaction with gauge group SU(2)L ⊗ U(1)Y as it is described
in the standard model. There is investigated the generalized Lagrangian for the leptons and their interaction with
the gauge fields describing the photon, the Z- and the W-bosons as well as the corresponding generalized Lagrangian
describing these fields themselves. The extended Lagrangians reflect a much more complex interaction structure. The
same holds for the Higgs sector. Since all additional terms contain further derivative or gauge potential factors, the
masses generated by spontaneous symmetry breaking remain unchanged. After this there is considered the quark sec-
tor where arises the mentioned intersection between the electroweak and the strong interaction which means that the
gauge bosons of the electroweak theory are coupled to the gluons. A short consideration of possible phenomenological
consequences of the presented theory is given at the end.
II. GENERALIZED UNCERTAINTY PRINCIPLE, MODIFIED DIRAC EQUATION AND
GENERALIZED GAUGE PRINCIPLE
At the beginning there will be given a short review of the implementation of a minimal length to quantum field
theory by postulating a generalized uncertainty principle between the position operator and the momentum operator
and its incorporation to gauge field theories in general. If the generalization of the uncertainty principle shall lead to
a minimal length but not spoil translation invariance, in the relativistic case where the time coordinate is included it
has to be of the following shape:
[xˆµ, pˆν ] = iδ
µ
ν [1 + βpˆ
ρpˆρ] + 2iβpˆ
µpˆν , (1)
where β denotes the parameter which determines the intensity of the modification of the uncertainty principle. Usually
there is assumed that β is directly related to the Planck scale. The generalized uncertainty principle leads to the
following generalized uncertainty relation between position and momentum, if it is considered for the index of the
position operator being equal to the index of the momentum operator:
∆xµ∆pµ ≥ 12 (1 + β∆pρ∆pρ + β〈pρ〉〈pρ〉) + i (β∆pµ∆pµ + β〈pµ〉〈pµ〉) = 12 (1 + 3β∆pµ∆pµ + 3β〈pρ〉〈pρ〉). This
generalized uncertainty relation can be written as
∆pµ =
∆xµ
3β
±
√(
∆xµ
3β
)2
− 1
3β
− 〈pρ〉〈pρ〉, (2)
what leads to the minimal position uncertainty in Minkowski space: ls = ∆x
µ
min =
√
3β
√
1 + 3β〈pρ〉〈pρ〉, from which
the smallest length can be derived:
ls =
√
3β, (3)
if there is made the assumption that ~ = c = 1 as it is done throughout this paper. To obtain the representation
of the momentum operator in position space corresponding to the modified uncertainty principle (1) there has to be
3performed a series expansion. A consideration to the first order yields the following representations of the position
operator and the momentum operator in position space:
xˆµ = xµ , pˆµ = −i (1− β∂ρ∂ρ) ∂µ +O
(
β2
)
. (4)
Inserting the expression for the momentum operator in (4) to the Lagrangian corresponding to the Dirac equation
yields
L′D = ψ¯ [i (1− β∂ρ∂ρ) γµ∂µ −m]ψ, (5)
where the γµ denote the Dirac matrices and ψ¯ = ψ†γ0. If there is postulated invariance with respect to local
gauge transformations of a certain gauge group, also the additional derivatives appearing in (5) have to be replaced
by covariant derivatives to maintain local gauge invariance, since they also act on the local unitary transformation
operator U(x):
(1− β∂ρ∂ρ) ∂µ → (1− βDρDρ)Dµ, (6)
implying a transition L′D → L′m to the following generalized matter Lagrangian containing the coupling of the matter
field to the gauge field which exhibits a more complicated structure now:
L′m = ψ¯ [i (1− βDρDρ) γµDµ −m]ψ. (7)
Since the additional term introduced by the generalized uncertainty principle transforms according to
iβψ¯DρDργ
µDµψ → iβψ¯U †(x)U(x)DρU †(x)U(x)DρU †(x)γµU(x)DµU †(x)U(x)ψ = iβψ¯DρDργµDµψ, (8)
the Lagrangian (7) is invariant under local gauge transformations. It has been used in (8) that U †(x)U(x) = 1
and that U(x) either commutes with γµ, if U(x) does not provide a transformation referring to space-time, or γµ
transforms according to γµ → U(x)γµU †(x). Therefore a generalized covariant derivative in accordance with (6) can
be introduced:
Dµ ≡ (1− βDρDρ)Dµ = [1− β (∂ρ1+ iAρ) (∂ρ1+ iAρ)] (∂µ1+ iAµ) , (9)
which behaviour under local gauge transformations equals because of (8) to the one of the usual covariant derivative
meaning that
Dµ → U(x)DµU †(x). (10)
Accordingly, there has also to be defined a generalized field strength tensor for the gauge field, which is done by
replacing the usual covariant derivative by the generalized covariant derivative (9) in the corresponding commutator:
Fµν = −i[Dµ,Dν ]. (11)
This general idea of the incorporation of the gauge principle to quantum field theories with a minimal length as well
as its manifestation in the special cases of electrodynamics and gravity have been considered in [49].
III. YANG-MILLS THEORY UNDER INCORPORATION OF A GENERALIZED GAUGE PRINCIPLE
The generalized appearance of gauge field theories arising from the generalization of the uncertainty principle and
the corresponding modification of free field equations as it has been described above will now be regarded with
respect to the special case of Yang-Mills gauge groups as they are used within the formulation of the standard model
to consider specifically the electroweak theory in the next section. The Lagrangians for the gauge field and the matter
4field being invariant under gauge transformations induced by the unitary operator U(x) = exp [iαa(x)T a] will be
calculated in terms of the gauge potential AaµT
a to the first order in the modification parameter β. The T a describe
the generators of the group fulfilling the Lie-Algebra [T a, T b] = ifabcT c, where the fabc denote the structure constants
of the group. In this special case of a Yang-Mills theory there can be built the following generalized Lagrangian of the
gauge field by using (9) and (11) L′YMg = 14 tr [FµνFµν ] and thus the complete Lagrangian of the modified Yang-Mills
gauge theory reads
L′YM = ψ¯ (iγµDµ −m)ψ −
1
4
tr [FµνFµν ] , (12)
if the gauge potential in (9) is identified with the Yang-Mills potential with respect to (12). The generalized Lagrangian
(12) for a Yang-Mills gauge theory under incorporation of a generalized uncertainty principle shall now be explored
explicitly. If the matter sector (7) of the generalized Lagrangian (12) is calculated to the first order in the modification
parameter β for a general SU(N) gauge group, one obtains the following expression:
L′YMm = ψ¯ (iγµDµ −m)ψ = ψ¯ [i (1− βDρDρ) γµDµ −m]ψ
= ψ¯
{
iγµ
[
1− β (∂ρ1+ iAρaT a) (∂ρ1+ iAaρT a)] (∂µ1+ iAaµT a)−m}ψ
= ψ¯
{
iγµ
[
∂µ1+ iA
a
µT
a − β (∂ρ∂ρ∂µ1+ i∂ρAaρT a∂µ + 2iAaρT a∂ρ∂µ
−AρaAbρT aT b∂µ + i∂ρ∂ρAaµT a + 2i∂ρAaµT a∂ρ + iAaµT a∂ρ∂ρ − ∂ρAaρAbµT aT b
−2Aaρ∂ρAbµT aT b − 2AaρAbµT aT b∂ρ − iAaρAbρAcµT aT bT c
)]−m}ψ. (13)
This Lagrangian of course describes a much more complicated interaction structure between the matter field and the
Yang-Mills gauge field than the usual Lagrangian giving rise to new vertices where more than one gauge boson interact
with the matter field. To determine the Lagrangian of the gauge field sector explicitly, the shape of the generalized
field strength tensor Fµν defined in (11) has to be calculated first. In [49] there has been shown that the generalized
field strength tensor Fµν expressed by the usual field strength tensor Fµν and the usual covariant derivative Dµ to
the first order in β reads in the general case without reference to a special gauge group
Fµν = −i [Dµ,Dν ] = Fµν − 2βDρDρFµν − β (DρFµρDν −DρFνρDµ)− β (FµρDρDν − FνρDρDµ) +O
(
β2
)
. (14)
The corresponding Lagrangian of the Yang-Mills gauge field reads accordingly
L′YMg =
1
4
tr [FµνFµν ] = 1
4
tr {FµνFµν − β [2Fµν (DρDρFµν) + Fµν (FµρDρDν − F νρDρDµ) + Fµν (DρFµρDν
−DρF νρDµ) + 2 (DρDρFµν)Fµν + (FµρDρDν − FνρDρDµ)Fµν + (DρFµρDν −DρFνρDµ)Fµν ]}+O
(
β2
)
=
1
4
tr {FµνFµν − β [2Fµν (DρDρFµν) + 2Fµν (FµρDρDν) + 2Fµν (DρFµρDν)
+2 (DρDρFµν)F
µν + 2 (FµρD
ρDν)F
µν + 2 (DρFµρDν)F
µν ]}+O (β2) . (15)
In the last step it has been used the antisymmetry of the field strength tensor, Fµν = −Fνµ, which holds since the
structure constants of a Lie algebra fulfil fabc = −f bac. The special manifestation of (14) within Yang-Mills theories
is more involved than the special case of electrodynamics considered in [49], since the components of the field strength
tensor do not commute with each other anymore. If (15) is expressed by the potential AaµT
a, it reads as following:
L′YMg = LYMg +
β
2
tr
[(
∂µA
a
ν − ∂νAaµ − fabcAbµAcν
)
T a
(
∂ρ∂ρ + i∂
ρAdρT
d + 2iAdρT
d∂ρ −AρeAdρT eT d
)
× (∂µAνf − ∂νAµf − ffghAµgAνh)T f
+
(
∂µA
a
ν − ∂νAaµ − fabcAbµAcν
)
T a
(
∂µAρd − ∂ρAµd − fdefAµeAρf )T d (i∂ρAνgT g −AhρAνgT hT g)
+
(
∂µA
a
ν − ∂νAaµ − fabcAbµAcν
)
T a
(
∂ρ + iA
d
ρT
d
) (
∂µAρe − ∂ρAµe − fefgAµfAρg)T e (iAνhT h)
+
(
∂ρ∂ρ + i∂
ρAdρT
d + 2iAdρT
d∂ρ −AρeAdρT eT d
) (
∂µAνf − ∂νAµf − ffghAµgAνh)T f
× (∂µAaν − ∂νAaµ − fabcAbµAcν)T a
+
(
∂µAρd − ∂ρAµd − fdefAµeAρf )T d (i∂ρAνgT g −AhρAνgT hT g) (∂µAaν − ∂νAaµ − fabcAbµAcν)T a
+
(
∂ρ + iA
d
ρT
d
) (
∂µAρe − ∂ρAµe − fefgAµfAρg)T e (iAνhT h) (∂µAaν − ∂νAaµ − fabcAbµAcν)T a] , (16)
5where LYMg describes the usual Yang-Mills Lagrangian of the gauge field
LYMg = 1
2
∂µAνa
(
∂µA
a
ν − ∂νAaµ
)− 1
2
fabcAµbAνc
(
∂µA
a
ν − ∂νAaµ
)
+
1
4
fabef cdeAaµA
b
νA
µcAνd. (17)
There have to be used the relations tr[T aT b] = 1
2
δab, tr[T aT bT c] = i
4
fabc and tr[T aT bT cT d] = 1
8
(
δabδcd − fabefecd)
to transform the explicit expression of the extended Yang-Mills Lagrangian (15), (16) to its final form which can be
written as follows:
L′YMg = LYMg + LYMgβ = LYMg + LβA2 + LβA3 + LβA4 + LβA5 + LβA6 , (18)
where the additional Lagrangians LβA2 , LβA3 , LβA4 , LβA5 , LβA6 are defined according to
LβA2 = β (∂µAaν∂ρ∂ρ∂µAνa − ∂µAaν∂ρ∂ρ∂νAµa) , (19)
LβA3 =
β
4
[(−2fagh∂µAaν∂ρ∂ρAµgAνh − 4fagh∂µAaν∂ρAµg∂ρAνh − 2fagh∂µAaνAµg∂ρ∂ρAνh + 2fagh∂νAaµ∂ρ∂ρAµgAνh
+4fagh∂νA
a
µ∂
ρAµg∂ρA
νh + 2fagh∂νA
a
µA
µg∂ρ∂ρA
νh − 2fabcAbµAcν∂ρ∂ρ∂µAνa + 2fabcAbµAcν∂ρ∂ρ∂νAµa
)
+fadf
(−2∂µAaν∂ρAdρ∂µAνf + 2∂µAaν∂ρAdρ∂νAµf − 4∂µAaνAdρ∂ρ∂µAνf + 4∂µAaνAdρ∂ρ∂νAµf
−2∂µAaν∂µAρd∂ρAνf + 2∂µAaν∂ρAµd∂ρAνf + 2∂νAaµ∂µAρd∂ρAνf − 2∂νAaµ∂ρAµd∂ρAνf
−∂µAaν∂µ∂ρAρdAνf + ∂µAaν∂ρ∂ρAµdAνf + ∂νAaµ∂µ∂ρAρdAνf − ∂νAaµ∂ρ∂ρAµdAνf
)]
, (20)
LβA4 =
β
4
[(
2fabcfaghAbµA
c
ν∂
ρ∂ρA
µgAνh + 2fabcfaghAbµA
c
νA
µg∂ρ∂ρA
νh + 4fabcfaghAbµA
c
ν∂
ρAµg∂ρA
νh
)
+fadf
(
ffgh∂µA
a
ν∂
ρAdρA
µgAνh + 2ffgh∂µA
a
νA
d
ρ∂
ρAµgAνh + 2ffgh∂µA
a
νA
d
ρA
µg∂ρAνh − ffgh∂νAaµ∂ρAdρAµgAνh
−2ffgh∂νAaµAdρ∂ρAµgAνh − 2ffgh∂νAaµAdρAµg∂ρAνh + fabcAbµAcν∂ρAdρ∂µAνf − fabcAbµAcν∂ρAdρ∂νAµf
+2fabcAbµA
c
νA
d
ρ∂
ρ∂µAνf − 2fabcAbµAcνAdρ∂ρ∂νAµf + fdeg∂µAaνAµeAρg∂ρAνf − fdeg∂νAaµAµeAρg∂ρAνf
+fabcAbµA
c
ν∂
µAρd∂ρA
νf − fabcAbµAcν∂ρAµd∂ρAνf + fdhg∂µAaν∂ρAµhAρgAνf + fdhg∂µAaνAµh∂ρAρgAνf
+fdhg∂µA
a
νA
µhAρg∂ρA
νf − fdhg∂νAaµ∂ρAµhAρgAνf − fdhg∂νAaµAµh∂ρAρgAνf − fdhg∂νAaµAµhAρg∂ρAνf
+fabcAbµA
c
ν∂
µ∂ρA
ρdAνf + fabcAbµA
c
ν∂
µAρd∂ρA
νf − fabcAbµAcν∂ρ∂ρAµdAνf − fabcAbµAcν∂ρAµd∂ρAνf
)
+
1
4
(−∂µAaνAρaAeρ∂µAνe + ∂µAaνAρaAeρ∂νAµe + ∂νAaµAρaAeρ∂µAνe − ∂νAaµAρaAeρ∂νAµe
−∂µAaν∂µAρaAeρAνe + ∂µAaν∂ρAµaAeρAνe + ∂νAaµ∂µAρaAeρAνe − ∂νAaµ∂ρAµaAeρAνe
−∂µAaνAaρ∂µAρeAνe + ∂µAaνAaρ∂ρAµeAνe + ∂νAaµAaρ∂µAρeAνe − ∂νAaµAaρ∂ρAµeAνe
−∂µAeνAρaAaρ∂µAνe + ∂µAeνAρaAaρ∂νAµe + ∂νAeµAρaAaρ∂µAνe − ∂νAeµAρaAaρ∂νAµe
−∂µAeν∂µAρaAaρAνe + ∂µAeν∂ρAµaAaρAνe + ∂νAeµ∂µAρaAaρAνe − ∂νAeµ∂ρAµaAaρAνe
−∂µAeνAaρ∂µAρaAνe + ∂µAeνAaρ∂ρAµaAνe + ∂νAeµAaρ∂µAρaAνe − ∂νAeµAaρ∂ρAµaAνe
)
−1
4
fadif ief
(−∂µAaνAρdAeρ∂µAνf + ∂µAaνAρdAeρ∂νAµf + ∂νAaµAρdAeρ∂µAνf − ∂νAaµAρdAeρ∂νAµf
−∂µAaν∂µAρdAeρAνf + ∂µAaν∂ρAµdAeρAνf + ∂νAaµ∂µAρdAeρAνf − ∂νAaµ∂ρAµdAeρAνf
−∂µAaνAdρ∂µAρeAνf + ∂µAaνAdρ∂ρAµeAνf + ∂νAaµAdρ∂µAρeAνf − ∂νAaµAdρ∂ρAµeAνf
−∂µAfνAρaAdρ∂µAνe + ∂µAfνAρaAdρ∂νAµe + ∂νAfµAρaAdρ∂µAνe − ∂νAfµAρaAdρ∂νAµe
−∂µAfν∂µAρaAdρAνe + ∂µAfν∂ρAµaAdρAνe + ∂νAfµ∂µAρaAdρAνe − ∂νAfµ∂ρAµaAdρAνe
−∂µAfνAaρ∂µAρdAνe + ∂µAfνAaρ∂ρAµdAνe + ∂νAfµAaρ∂µAρdAνe − ∂νAfµAaρ∂ρAµdAνe
)]
, (21)
6LβA5 =
β
8
[
fadf
(−2fabcffghAbµAcν∂ρAdρAµgAνh − 4fabcffghAbµAcνAdρ∂ρAµgAνh − 4fabcffghAbµAcνAdρAµg∂ρAνh
−2fabcfdegAbµAcνAµeAρg∂ρAνf − 2fabcfdhgAbµAcν∂ρAµhAρgAνf − 2fabcfdhgAbµAcνAµh∂ρAρgAνf
−2fabcfdhgAbµAcνAµhAρg∂ρAνf
)
+
1
2
(
fegh∂µA
a
νA
ρaAeρA
µgAνh − fegh∂νAaµAρaAeρAµgAνh + fabcAbµAcνAρaAeρ∂µAνe − fabcAbµAcνAρaAeρ∂νAµe
+fagh∂µA
a
νA
µgAρhAeρA
νe − fagh∂νAaµAµgAρhAeρAνe + fabcAbµAcν∂µAρaAeρAνe − fabcAbµAcν∂ρAµaAeρAνe
+fehg∂µA
a
νA
a
ρA
µhAρgAνe − fehg∂νAaµAaρAµhAρgAνe + fabcAbµAcνAaρ∂µAρeAνe − fabcAbµAcνAaρ∂ρAµeAνe
+fegh∂µA
e
νA
ρaAaρA
µgAνh − fegh∂νAeµAρaAaρAµgAνh + febcAbµAcνAρaAaρ∂µAνe − febcAbµAcνAρaAaρ∂νAµe
+fagh∂µA
e
νA
µgAρhAaρA
νe − fagh∂νAeµAµgAρhAaρAνe + febcAbµAcν∂µAρaAdρAνe − febcAbµAcν∂ρAµaAdρAνe
+fahg∂µA
e
νA
a
ρA
µhAρgAνe − fahg∂νAeµAaρAµhAρgAνe + febcAbµAcνAaρ∂µAρaAνe − febcAbµAcνAaρ∂ρAµaAνe
)
−1
2
fadif ief
(
ffgh∂µA
a
νA
ρdAeρA
µgAνh − ffgh∂νAaµAρdAeρAµgAνh + fabcAbµAcνAρdAeρ∂µAνf − fabcAbµAcνAρdAeρ∂νAµf
+fdgh∂µA
a
νA
µgAρhAeρA
νf − fdgh∂νAaµAµgAρhAeρAνf + fabcAbµAcν∂µAρdAeρAνf − fabcAbµAcν∂ρAµdAeρAνf
+fehg∂µA
a
νA
d
ρA
µhAρgAνf − fehg∂νAaµAdρAµhAρgAνf + fabcAbµAcνAdρ∂µAρeAνf − fabcAbµAcνAdρ∂ρAµeAνf
+fegh∂µA
f
νA
ρaAdρA
µgAνh − fegh∂νAfµAρaAdρAµgAνh + ffbcAbµAcνAρaAdρ∂µAνe − ffbcAbµAcνAρaAdρ∂νAµe
+fagh∂µA
f
νA
µgAρhAdρA
νe − fagh∂νAfµAµgAρhAdρAνe + ffbcAbµAcν∂µAρdAdρAνe − ffbcAbµAcν∂ρAµdAdρAνe
+fdhg∂µA
f
νA
a
ρA
µhAρgAνe − fdhg∂νAfµAaρAµhAρgAνe + ffbcAbµAcνAaρ∂µAρdAνe − ffbcAbµAcνAaρ∂ρAµdAνe
)]
, (22)
LβA6 =
β
16
[(−fabcfeghAbµAcνAρaAeρAµgAνh − fabcfaghAbµAcνAµgAρhAeρAνe − fabcfehgAbµAcνAaρAµhAρgAνe
−febcfeghAbµAcνAρaAaρAµgAνh − febcfaghAbµAcνAµgAρhAaρAνe − febcfahgAbµAcνAaρAµhAρgAνe
)
−fadif ief (−fabcffghAbµAcνAρdAeρAµgAνh − fabcfdghAbµAcνAµgAρhAeρAνf − fabcfehgAbµAcνAdρAµhAρgAνf
−ffbcfeghAbµAcνAρaAdρAµgAνh − ffbcfaghAbµAcνAµgAρhAdρAνe − ffbcfdhgAbµAcνAaρAµhAρgAνe
)]
. (23)
IV. THE GENERALIZED GAUGE PRINCIPLE IN THE ELECTROWEAK THEORY
A. Lepton Sector of the Generalized Electroweak Theory
To formulate the electroweak theory of the standard model with a minimal length the general consideration of
Yang-Mills theories under incorporation of a generalized uncertainty principle has to be applied to the spcial case of
SU(2)L ⊗ U(1)Y , the gauge group of the electroweak theory. In the usual electroweak theory local gauge invariance
under this group can be maintained in the lepton sector by introducing the following covariant derivative:
Dµ = ∂µ + iA
a
µτ
a + iBµy , a = 1...3, (24)
where the τa denote the generators of the SU(2)L and y denotes the hypercharge. Since the neutrinos only appear as
left-handed neutrinos, the generators of the gauge group with respect to the neutrino-electron-dublett look as follows:
τa = g
(
1 + γ5
4
)
σa , a = 1...3 , y = g′
[(
1 + γ5
4
)
1+
(
1− γ5
2
)]
, (25)
where the σa denote the Pauli matrices with respect to the weak isospin space, 1 denotes the identity matrix within
the weak isospin space, γ5 is defined as γ
5 = iγ0γ1γ2γ3 and thus
(
1±γ5
2
)
describes the projection to the left-handed
or right-handed part of a Dirac spinor respectively. The hypercharge y is related to the charge q according to the
Gell-Mann-Nishijima relation which reads by using the representation (25) as follows:
q =
1
g
τ3 − 1
g′
y =
(
0 0
0 −1
)
. (26)
7More elobarately the covariant derivative of the electroweak theory (24) can be expressed as
Dµ = ∂
µ+
i√
2
Wµ
(
τ1 − iτ2)+ i√
2
Wµ†
(
τ1 + iτ2
)
+ iZµ
(
τ3 cos θW + y sin θW
)
+ iAµ
(−τ3 sin θW + y cos θW ) , (27)
if the gauge fields Wµ, Wµ†, Zµ and Aµ are defined as follows:
Wµ =
1√
2
(Aµ1 + iA
µ
2 ) , W
µ† =
1√
2
(Aµ1 − iAµ2 ) , Zµ = cos θWAµ3 + sin θWBµ, Aµ = − sin θWAµ3 + cos θWBµ.
(28)
θW denotes the Weinberg angle which describes the relation between the coupling constants g and g
′ referring to the
gauge groups SU(2)L and U(1)Y respectively and is accordingly defined by
cos θW =
g√
g2 + g′2
, sin θW =
g′√
g2 + g′2
. (29)
The Lagrangian of the generalized electroweak theory consists of four parts, if the quark sector is omitted
L′EW = L′lepton + L′gauge−field + L′Higgs + L′Y ukawa. (30)
Since Yukawa coupling terms contain no derivative, they remain unchanged which means L′Y ukawa = LY ukawa. The
generalized covariant derivative containing the minimal length which general form is given in (9) is for the special
case of the electroweak theory obtained by inserting the covariant derivative of the usual electroweak theory (27) to
(9) and reads accordingly
Dµ = (1− βDρDρ)Dµ =
[
1− β (∂ρ + iAρaτa + iBρy) (∂ρ + iAbρτb + iBρy)] (∂µ + iAcµτc + iBµy)
=
{
1− β
[
∂ρ +
i√
2
W ρ
(
τ1 − iτ2)+ i√
2
W ρ†
(
τ1 + iτ2
)
+ iZρ
(
τ3 cos θW + y sin θW
)
+ iAρ
(−τ3 sin θW + y cos θW )
]
×
[
∂ρ +
i√
2
Wρ
(
τ1 − iτ2)+ i√
2
W †ρ
(
τ1 + iτ2
)
+ iZρ
(
τ3 cos θW + y sin θW
)
+ iAρ
(−τ3 sin θW + y cos θW )
]}
×
[
∂µ +
i√
2
Wµ
(
τ1 − iτ2)+ i√
2
W †µ
(
τ1 + iτ2
)
+ iZµ
(
τ3 cos θW + y sin θW
)
+ iAµ
(−τ3 sin θW + y cos θW )
]
. (31)
The expression (31) for the covariant derivative of the electroweak theory with a generalized uncertainty principle to
the first order in the modification parameter can be transformed to
Dµ = ∂µ + i√
2
Wµ
(
τ1 − iτ2)+ i√
2
W †µ
(
τ1 + iτ2
)
+ iZµ
(
τ3 cos θW + y sin θW
)
+ iAµ
(−τ3 sin θW + y cos θW )
−β [∂ρ∂ρ∂µ + θµ(W,W †, Z,A) (1τ − τ3)+ λµ(W,W †, Z,A) (1τ + τ3)+ χµ(W,W †, Z,A) (τ1 − iτ2)
+φµ(W,W
†, Z,A)
(
τ1 + iτ2
)
+ ωµ(A,Z)
]
, (32)
where θµ(W,W
†, Z,A), λµ(W,W
†, Z,A), χµ(W,W
†, Z,A), φµ(W,W
†, Z,A) and ωµ(A,Z) are defined as
θµ(W,W
†, Z,A) =
i
(
g′2 − g2)
2g
√
g2 + g′2
(∂ρ∂ρZµ + 2∂
ρZµ∂ρ + Zµ∂
ρ∂ρ + ∂
ρZρ∂µ + 2Z
ρ∂ρ∂µ)
+
ig′√
g2 + g′2
(∂ρ∂ρAµ + 2∂
ρAµ∂ρ +Aµ∂
ρ∂ρ + ∂
ρAρ∂µ + 2A
ρ∂ρ∂µ)
−g
2
(
∂ρWρW
†
µ + 2W
ρ∂ρW
†
µ
)−
(
g′2 − g2)2
4g (g2 + g′2)
(∂ρZρZµ + 2Z
ρ∂ρZµ)− gg
′2
g2 + g′2
(∂ρAρAµ + 2A
ρ∂ρAµ)
−g
′
(
g′2 − g2)
2 (g2 + g′2)
(∂ρZρAµ + 2Z
ρ∂ρAµ)−
g′
(
g′2 − g2)
2 (g2 + g′2)
(∂ρAρZµ + 2A
ρ∂ρZµ) +
1
g
Θ(W,W †, Z,A)∂µ
+
i√
2
Ξ(W,Z,A)W †µ +
i
(
g′2 − g2)
2g
√
g2 + g′2
Θ(W,W †, Z,A)Zµ +
ig′√
g2 + g′2
Θ(W,W †, Z,A)Aµ, (33)
8λµ(W,W
†, Z,A) =
i
√
g2 + g′2
2g
(∂ρ∂ρZµ + 2∂
ρZµ∂ρ + Zµ∂
ρ∂ρ + ∂
ρZρ∂µ + 2Z
ρ∂ρ∂µ)
−g
2
(
∂ρW †ρWµ + 2W
†ρ∂ρWµ
)− g2 + g′2
4g
(∂ρZρZµ + 2Z
ρ∂ρZµ) +
1
g
Λ(W,W †, Z)∂µ
+
i√
2
Φ(W †, Z,A)Wµ +
i
√
g2 + g′2
2g
Λ(W,W †, Z)Zµ, (34)
χµ(W,W
†, Z,A) =
i√
2
(∂ρ∂ρWµ + 2∂
ρWµ∂ρ +Wµ∂
ρ∂ρ + ∂
ρWρ∂µ + 2W
ρ∂ρ∂µ)−
√
g2 + g′2
2
√
2
(∂ρWρZµ + 2W
ρ∂ρZµ)
− g
′2 − g2
2
√
2 (g2 + g′2)
(∂ρZρWµ + 2Z
ρ∂ρWµ)− gg
′√
2 (g2 + g′2)
(∂ρAρWµ + 2A
ρ∂ρWµ)
+
1
g
Ξ(W,Z,A)∂µ +
i√
2
Θ(W,W †, Z,A)Wµ +
i
√
g2 + g′2
2g
Ξ(W,Z,A)Zµ, (35)
φµ(W,W
†, Z,A) =
i√
2
(
∂ρ∂ρW
†
µ + 2∂
ρW †µ∂ρ +W
†
µ∂
ρ∂ρ + ∂
ρW †ρ∂µ + 2W
†ρ∂ρ∂µ
)− g′2 − g2
2
√
2 (g2 + g′2)
(
∂ρW †ρZµ + 2W
†ρ∂ρZµ
)
−
√
g2 + g′2
2
√
2
(
∂ρZρW
†
µ + 2Z
ρ∂ρW
†
µ
)− gg′√
2 (g2 + g′2)
(
∂ρW †ρAµ + 2W
†ρ∂ρAµ
)
+
1
g
Φ(W †, Z,A)∂µ
+
i√
2
Λ(W,W †, Z)W †µ +
i
(
g′2 − g2)
2g
√
g2 + g′2
Φ(W †, Z,A)Zµ +
ig′√
g2 + g′2
Φ(W †, Z,A)Aµ, (36)
ωµ(A,Z) =
(
1− γ5
2
)[
ig′2√
g2 + g′2
(∂ρ∂ρZµ + 2∂
ρZµ∂ρ + Zµ∂
ρ∂ρ + ∂
ρZρ∂µ + 2Z
ρ∂ρ∂µ)
+
igg′√
g2 + g′2
(∂ρ∂ρAµ + 2∂
ρAµ∂ρ +Aµ∂
ρ∂ρ + ∂
ρAρ∂µ + 2A
ρ∂ρ∂µ)
− g
′4
g2 + g′2
(∂ρZρZµ + 2Z
ρ∂ρZµ)− g
2g′2
g2 + g′2
(∂ρAρAµ + 2A
ρ∂ρAµ)
− gg
′3
g2 + g′2
(∂ρZρAµ + 2Z
ρ∂ρAµ)− gg
′3
g2 + g′2
(∂ρAρZµ + 2A
ρ∂ρZµ)
+
ig′2√
g2 + g′2
Ω(A,Z)Zµ +
igg′√
g2 + g′2
Ω(A,Z)Aµ +Ω(A,Z)∂µ
]
, (37)
Θ(W,W †, Z,A), Λ(W,W †, Z), Ξ(W,Z,A), Φ(W †, Z,A) and Ω(A,Z) are defined as follows:
Θ(W,W †, Z,A) = −
[
g2
2
(
W ρW †ρ
)
+
(
g′2 − g2)2
4 (g2 + g′2)
(ZρZρ) +
g2g′2
g2 + g′2
(AρAρ) +
gg′
(
g′2 − g2)
g2 + g′2
(ZρAρ)
]
,
Λ(W,W †, Z) = −
[
g2
2
(
W †ρWρ
)
+
g2 + g′2
4
(ZρZρ)
]
,
Ξ(W,Z,A) = −
[
g
√
g2 + g′2
2
√
2
(W ρZρ) +
g
(
g′2 − g2)
2
√
2 (g2 + g′2)
(ZρWρ) +
g2g′√
2 (g2 + g′2)
(AρWρ)
]
,
Φ(W †, Z,A) = −
[
g
(
g′2 − g2)
2
√
2 (g2 + g′2)
(
W †ρZρ
)
+
g
√
g2 + g′2
2
√
2
(
ZρW †ρ
)
+
g2g′√
2 (g2 + g′2)
(
W †ρAρ
)]
,
Ω(A,Z) = −
[
g′4
g2 + g′2
(ZρZρ) +
g2g′2
g2 + g′2
(AρAρ) +
2gg′3
g2 + g′2
(ZρAρ)
]
, (38)
and 1τ is defined as
91τ = g
(
1 + γ5
4
)
1. (39)
To derive the expression (32) there have to be used the following identities:
(
1± γ5
2
)2
=
(
1± γ5
2
)
,
(
1 + γ5
2
)(
1− γ5
2
)
= 0. (40)
The usual covariant derivative of the electroweak theory (27) has to be replaced by the generalized one (32) within
the lepton Langrangian to obtain the Lagrangian of the lepton sector in the presence of the generalized uncertainty
principle. This leads to the following expression for the lepton sector of the generalized Lagrangian, if the electroweak
theory is just considered with respect to the doublet containing the electron-neutrino and the electron:
L′lepton = i
(
ν¯eL e¯L
)
γµDµ
(
νeL
eL
)
+ ie¯Rγ
µDµeR, (41)
where e denotes the state of an electron, νe denotes the state of an electron-neutrino and it holds that
eL =
(
1 + γ5
2
)
e , eR =
(
1− γ5
2
)
e , νeL = γ5νeL. (42)
The Lagrangian for the other two lepton dubletts has of course completely the same structure as (41) whereas the
quark sector will be considered below, since this case is more complicated because of the incorporation of the SU(3)c
as gauge group of quantum chromodynamics which terms cannot be separated from the ones of the electroweak
Lagrangian anymore in the presence of a generalized uncertainty principle. If one expresses the generalized lepton
Lagrangian as the sum of the usual lepton Lagrangian and the modification to the first order in β
L′lepton ≡ Llepton + Llepton β , (43)
where the usual lepton Lagrangian is defined as
Llepton = iν¯eγµ∂µνe + ie¯γµ∂µe
− g√
2
[
e¯γµWµ
(
1 + γ5
2
)
νe
]
− g√
2
[
ν¯eγ
µW †µ
(
1 + γ5
2
)
e
]
−
√
g2 + g′2
2
ν¯eγ
µZµ
(
1 + γ5
2
)
νe
+
g2 − g′2
2
√
g2 + g′2
e¯γµZµ
(
1 + γ5
2
)
e− g
′2√
g2 + g′2
e¯γµZµ
(
1− γ5
2
)
e+
gg′√
g2 + g′2
(e¯γµAµe) , (44)
then inserting of the expression of the generalized covariant derivative (32) into the lepton Lagrangian (41) leads to
the following expression for the extension of the lepton Lagrangian:
Llepton β = −iβ
[
ν¯eγ
µ∂ρ∂ρ∂µνe + e¯γ
µ∂ρ∂ρ∂µe+ ge¯γ
µθµ(W
†,W,A, Z)
(
1 + γ5
2
)
e+ gν¯eγ
µλµ(W
†,W,A, Z)
(
1 + γ5
2
)
νe
+ge¯γµχµ(W
†,W,A, Z)
(
1 + γ5
2
)
νe + gν¯eγ
µφµ(W
†,W,A, Z)
(
1 + γ5
2
)
e+ e¯γµωµ(A,Z)e
]
, (45)
where θµ(W,W
†, Z,A), λµ(W,W
†, Z,A), φµ(W,W
†, Z,A), χµ(W,W
†, Z,A) and ωµ(Z,A) are defined according to
(33),(34),(35),(36) and (37). Thus there has been constructed a lepton Lagrangian, (43) with (44) and (45), containing
the generalized uncertainty principle and being invariant under local gauge transformations of the form
(
νeL
eL
)
→ exp [iαa(x)τa + iαy(x)y]
(
νeL
eL
)
, eR → exp [iαy(x)y] eR,
Dµ → exp [iαa(x)τa + iαy(x)y]Dµ exp [−iαa(x)τa − iαy(x)y] , a = 1...3. (46)
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B. Higgs Sector of the Generalized Electroweak Theory
To formulate the extended Lagrangian of the Higgs sector there is used the following representation of the generators
of the gauge group of the electroweak theory:
τaϕ =
g
2
σa , yϕ = −g
′
2
1. (47)
As consequence the charge operator has the following form:
qϕ =
1
g
τ3ϕ −
1
g′
yϕ =
(
1 0
0 0
)
. (48)
Of course, 1τϕ is accordingly defined as 1τϕ =
g
2
1. The generalized covariant derivative with respect to the generators
(47) reads
Dµ = ∂µ + i√
2
Wµ
(
τ1ϕ − iτ2ϕ
)
+
i√
2
W †µ
(
τ1ϕ + iτ
2
ϕ
)
+ iZµ
(
τ3ϕ cos θW + yϕ sin θW
)
+ iAµ
(−τ3ϕ sin θW + yϕ cos θW )
−β [∂ρ∂ρ∂µ + θϕµ(W,W †, Z,A) (1τϕ − τ3ϕ)+ λϕµ(W,W †, Z,A) (1τϕ + τ3ϕ)+ χϕµ(W,W †, Z,A) (τ1ϕ − iτ2ϕ)
+φϕµ(W,W
†, Z,A)
(
τ1ϕ + iτ
2
ϕ
)]
, (49)
where θϕµ(W,W
†, Z,A), λϕµ(W,W
†, Z,A), χϕµ(W,W
†, Z,A) and φϕµ(W,W
†, Z,A) are defined as
θϕµ(W,W
†, Z,A) = − i
√
g2 + g′2
2g
(∂ρ∂ρZµ + 2∂
ρZµ∂ρ + Zµ∂
ρ∂ρ + ∂
ρZρ∂µ + 2Z
ρ∂ρ∂µ)
−g
2
(
∂ρWρW
†
µ + 2W
ρ∂ρW
†
µ
)− g2 + g′2
4g
(∂ρZρZµ + 2Z
ρ∂ρZµ) +
1
g
Θϕ(W,W
†, Z)∂µ
+
i√
2
Ξϕ(W,Z,A)W
†
µ −
i
√
g2 + g′2
2g
Θϕ(W,W
†, Z)Zµ, (50)
λϕµ(W,W
†, Z,A) =
i
(
g2 − g′2)
2g
√
g2 + g′2
(∂ρ∂ρZµ + 2∂
ρZµ∂ρ + Zµ∂
ρ∂ρ + ∂
ρZρ∂µ + 2Z
ρ∂ρ∂µ)
− ig
′√
g2 + g′2
(∂ρ∂ρAµ + 2∂
ρAµ∂ρ +Aµ∂
ρ∂ρ + ∂
ρAρ∂µ + 2A
ρ∂ρ∂µ)
−g
2
(
∂ρW †ρWµ + 2W
†ρ∂ρWµ
)−
(
g2 − g′2)2
4g (g2 + g′2)
(∂ρZρZµ + 2Z
ρ∂ρZµ)− gg
′2
g2 + g′2
(∂ρAρAµ + 2A
ρ∂ρAµ)
+
g′
(
g2 − g′2)
2 (g2 + g′2)
(∂ρZρAµ + 2Z
ρ∂ρAµ) +
g′
(
g2 − g′2)
2 (g2 + g′2)
(∂ρAρZµ + 2A
ρ∂ρZµ) +
1
g
Λϕ(W,W
†, Z,A)∂µ
+
i√
2
Φϕ(W
†, Z,A)Wµ +
i
(
g2 − g′2)
2g
√
g2 + g′2
Λϕ(W,W
†, Z,A)Zµ − ig
′√
g2 + g′2
Λϕ(W,W
†, Z,A)Aµ, (51)
χϕµ(W,W
†, Z,A) =
i√
2
(∂ρ∂ρWµ + 2∂
ρWµ∂ρ +Wµ∂
ρ∂ρ + ∂
ρWρ∂µ + 2W
ρ∂ρ∂µ)− g
2 − g′2
2
√
2 (g2 + g′2)
(∂ρWρZµ + 2W
ρ∂ρZµ)
+
√
g2 + g′2
2
√
2
(∂ρZρWµ + 2Z
ρ∂ρWµ) +
gg′√
2 (g2 + g′2)
(∂ρWρAµ + 2W
ρ∂ρAµ) +
1
g
Ξϕ(W,Z,A)∂µ
+
i√
2
Θϕ(W,W
†, Z)Wµ +
i
(
g2 − g′2)
2g
√
g2 + g′2
Ξϕ(W,Z,A)Zµ − ig
′√
g2 + g′2
Ξϕ(W
†, Z,A)Aµ, (52)
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φϕµ(W,W
†, Z,A) =
i√
2
(
∂ρ∂ρW
†
µ + 2∂
ρW †µ∂ρ +W
†
µ∂
ρ∂ρ + ∂
ρW †ρ∂µ + 2W
†ρ∂ρ∂µ
)
+
√
g2 + g′2
2
√
2
(
∂ρW †ρZµ + 2W
†ρ∂ρZµ
)
− g
2 − g′2
2
√
2 (g2 + g′2)
(
∂ρZρW
†
µ + 2Z
ρ∂ρW
†
µ
)
+
gg′√
2 (g2 + g′2)
(
∂ρAρW
†
µ + 2A
ρ∂ρW
†
µ
)
+
1
g
Φϕ(W
†, Z,A)∂µ +
i√
2
Λϕ(W,W
†, Z,A)W †µ −
i
√
g2 + g′2
2g
Φϕ(W
†, Z,A)Zµ (53)
and Θϕ(W,W
†, Z), Λϕ(W,W
†, Z,A), Ξϕ(W,Z,A) and Φϕ(W
†, Z,A) are defined as follows:
Θϕ(W,W
†, Z) = −
[
g2
2
(
W ρW †ρ
)
+
g2 + g′2
4
(ZρZρ)
]
,
Λϕ(W,W
†, Z,A) = −
[
g2
2
(
W †ρWρ
)
+
(
g2 − g′2)2
4 (g2 + g′2)
(ZρZρ) +
g2g′2
g2 + g′2
(AρAρ)−
gg′
(
g2 − g′2)
g2 + g′2
(ZρAρ)
]
,
Ξϕ(W,Z,A) = −
[
g
(
g2 − g′2)
2
√
2 (g2 + g′2)
(W ρZρ)− g
√
g2 + g′2
2
√
2
(ZρWρ)− g
2g′√
2 (g2 + g′2)
(W ρAρ)
]
,
Φϕ(W
†, Z,A) = −
[
−g
√
g2 + g′2
2
√
2
(
W †ρZρ
)
+
g
(
g2 − g′2)
2
√
2 (g2 + g′2)
(
ZρW †ρ
)− g2g′√
2 (g2 + g′2)
(
AρW †ρ
)]
. (54)
The generalized Higgs Lagrangian is of the following shape:
L′Higgs ≡ LHiggs + LHiggs β =
1
2
(Dµϕ)†Dµϕ− µ
2
2
ϕ†ϕ+
λ
4
(
ϕ†ϕ
)2
=
1
2
(Dµϕ)
†
Dµϕ− β
2
(Dµϕ)
†
DρDρDµϕ− β
2
(DρDρD
µϕ)
†
Dµϕ− µ
2
2
ϕ†ϕ+
λ
4
(
ϕ†ϕ
)2
, (55)
where Dµ is now the generalized covariant derivative (49) as special manifestation of (9), which is based on the
representation of the generators of the electroweak theory with respect to the Higgs sector according to (47). If the
Higgs doublet is expressed as follows:
ϕ =
(
ϕ+
ϕ0
)
, (56)
the usual Higgs Lagrangian reads
LHiggs = 1
2
[(
∂µϕ+
)† (
∂µϕ
+
)
+
(
∂µϕ0
)† (
∂µϕ
0
)
+
g2
2
ϕ+†ϕ+Wµ†Wµ +
g2
2
ϕ0†ϕ0Wµ†Wµ +
(
g2 − g′2)2
4 (g2 + g′2)
ϕ+†ϕ+ZµZµ
+
(
g2 + g′2
)
4
ϕ0†ϕ0ZµZµ +
g2g′2
g2 + g′2
ϕ+†ϕ+AµAµ +
ig√
2
(
∂µϕ+
)†
ϕ0W †µ +
i
(
g2 − g′2)
2
√
g2 + g′2
(
∂µϕ+
)†
ϕ+Zµ
− igg
′√
g2 + g′2
(
∂µϕ+
)†
ϕ+Aµ +
ig√
2
(
∂µϕ0
)†
ϕ+Wµ − i
√
g2 + g′2
2
(
∂µϕ0
)†
ϕ0Zµ − ig√
2
ϕ+†
(
∂µϕ0
)
W †µ
−g
√
g2 + g′2
2
√
2
ϕ+†ϕ0Wµ†Zµ − ig√
2
ϕ0†
(
∂µϕ+
)
Wµ +
g
(
g2 − g′2)
2
√
2 (g2 + g′2)
ϕ0†ϕ+WµZµ
− g
2g′√
2 (g2 + g′2)
ϕ0†ϕ+WµAµ −
i
(
g2 − g′2)
2
√
g2 + g′2
ϕ+†
(
∂µϕ+
)
Zµ +
g
(
g2 − g′2)
2
√
2 (g2 + g′2)
ϕ+†ϕ0Wµ†Zµ
−gg
′
(
g2 − g′2)
2 (g2 + g′2)
ϕ+†ϕ+ZµAµ +
i
√
g2 + g′2
2
ϕ0†
(
∂µϕ0
)
Zµ − g
√
g2 + g′2
2
√
2
ϕ0†ϕ+ZµWµ
+
igg′√
g2 + g′2
ϕ+†
(
∂µϕ+
)
Aµ − g
2g′√
2 (g2 + g′2)
ϕ+†ϕ0AµW †µ −
gg′
(
g2 − g′2)
2 (g2 + g′2)
ϕ+†ϕ+AµZµ
]
− µ
2
2
ϕ†ϕ+
λ
4
(
ϕ†ϕ
)2
(57)
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and the extension of the Higgs Lagrangian reads
LHiggs β = −β
2
{(
∂µϕ+
)† (
∂ρ∂ρ∂µϕ
+
)
+
(
∂µϕ0
)† (
∂ρ∂ρ∂µϕ
0
)− ig√
2
ϕ+†
(
∂ρ∂ρ∂
µϕ0
)
W †µ −
ig√
2
ϕ0†
(
∂ρ∂ρ∂
µϕ+
)
Wµ
− i
(
g2 − g′2)
2
√
g2 + g′2
ϕ+†
(
∂ρ∂ρ∂
µϕ+
)
Zµ +
i
√
g2 + g′2
2
ϕ0†
(
∂ρ∂ρ∂
µϕ0
)
Zµ +
igg′√
g2 + g′2
ϕ+†
(
∂ρ∂ρ∂
µϕ0
)
Aµ
+
(
∂ρ∂ρ∂
µϕ+
)† (
∂µϕ
+
)
+
(
∂ρ∂ρ∂
µϕ0
)† (
∂µϕ
0
)
+
ig√
2
(
∂ρ∂ρ∂
µϕ0
)†
ϕ+Wµ +
ig√
2
(
∂ρ∂ρ∂
µϕ+
)†
ϕ0W †µ
+
i
(
g2 − g′2)
2
√
g2 + g′2
(
∂ρ∂ρ∂
µϕ+
)†
ϕ+Zµ − i
√
g2 + g′2
2
(
∂ρ∂ρ∂
µϕ0
)†
ϕ0Zµ − igg
′√
g2 + g′2
(
∂ρ∂ρ∂
µϕ0
)†
ϕ+Aµ
+
(
∂µϕ+
)† [
λϕµ(W,W
†, Z,A)ϕ+
]
+
(
∂µϕ+
)† [
φϕµ(W,W
†, Z,A)ϕ0
]
+
(
∂µϕ0
)† [
θϕµ(W,W
†, Z,A)ϕ0
]
+
(
∂µϕ0
)† [
χϕµ(W,W
†, Z,A)ϕ+
]− ig√
2
ϕ+†
[
θµϕ(W,W
†, Z,A)ϕ0
]
W †µ −
ig√
2
ϕ+†
[
χµϕ(W,W
†, Z,A)ϕ+
]
W †µ
− ig√
2
ϕ0†
[
λµϕ(W,W
†, Z,A)ϕ+
]
Wµ − ig√
2
ϕ0†
[
φµϕ(W,W
†, Z,A)ϕ0
]
Wµ −
i
(
g2 − g′2)
2
√
g2 + g′2
ϕ+†
[
λµϕ(W,W
†, Z,A)ϕ+
]
Zµ
− i
(
g2 − g′2)
2
√
g2 + g′2
ϕ+†
[
φµϕ(W,W
†, Z,A)ϕ0
]
Zµ +
i
√
g2 + g′2
2
Zµϕ0†
[
θϕµ(W,W
†, Z,A)ϕ0
]
+
i
√
g2 + g′2
2
Zµϕ0†
[
χϕµ(W,W
†, Z,A)ϕ+
]
+
igg′√
g2 + g′2
ϕ+†
[
λµϕ(W,W
†, Z,A)ϕ+
]
Aµ
+
igg′√
g2 + g′2
ϕ+†
[
φµϕ(W,W
†, Z,A)ϕ0
]
Aµ +
[
λµϕ(W,W
†, Z,A)ϕ+
]† (
∂µϕ
+
)
+
[
φµϕ(W,W
†, Z,A)ϕ0
]† (
∂µϕ
+
)
+
[
θµϕ(W,W
†, Z,A)ϕ0
]† (
∂µϕ
0
)
+
[
χµϕ(W,W
†, Z,A)ϕ+
]† (
∂µϕ
0
)
+
ig√
2
[
θµϕ(W,W
†, Z,A)ϕ0
]†
ϕ+Wµ
+
ig√
2
[
χµϕ(W,W
†, Z,A)ϕ+
]†
ϕ+Wµ +
ig√
2
[
λµϕ(W,W
†, Z,A)ϕ+
]†
ϕ0W †µ +
ig√
2
[
φµϕ(W,W
†, Z,A)ϕ0
]†
ϕ0W †µ
+
i
(
g2 − g′2)
2
√
g2 + g′2
[
λµϕ(W,W
†, Z,A)ϕ+
]†
ϕ+Zµ +
i
(
g2 − g′2)
2
√
g2 + g′2
[
φµϕ(W,W
†, Z,A)ϕ0
]†
ϕ+Zµ
− i
√
g2 + g′2
2
Zµ
[
θϕµ(W,W
†, Z,A)ϕ0
]†
ϕ0 − i
√
g2 + g′2
2
Zµ
[
χϕµ(W,W
†, Z,A)ϕ+
]†
ϕ0
− igg
′√
g2 + g′2
[
λµϕ(W,W
†, Z,A)ϕ+
]†
ϕ+Aµ − igg
′√
g2 + g′2
[
φµϕ(W,W
†, Z,A)ϕ0
]†
ϕ+Aµ
}
, (58)
where θϕµ(W,W
†, Z,A), λϕµ(W,W
†, Z,A), χϕµ(W,W
†, Z,A) and φϕµ(W,W
†, Z,A) are defined according to
(50),(51),(52) and (53). (55) with (57) and (58) contains the generalized uncertainty principle and is invariant
under local gauge transformations of the form
(
ϕ+
ϕ0
)
→ exp [iαa(x)τa + iαy(x)y]
(
ϕ+
ϕ0
)
Dµ → exp [iαa(x)τa + iαy(x)y]Dµ exp [−iαa(x)τa − iαy(x)y] , a = 1...3. (59)
Because of the potential the scalar field ϕ has a vacuum expectation value 〈ϕ〉 =
√
µ2
λ ≡ ν. The gauge can be chosen
in such a way that the component ϕ+ vanishes which means that the vacuum expectation values of the components
of the Higgs field, ϕ+ and ϕ0, are given by
〈ϕ+〉 = 0 , 〈ϕ0〉 = ν (60)
and the expansion around the vacuum expectation value looks as follows:
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ϕ =
(
0
ν +H
)
. (61)
Since all terms of the extended Lagrangian of the Higgs field contain additional derivative or potential factors with
respect to the original terms, the generated mass terms for the W and Z-bosons do not differ from the usual ones and
therefore the masses of the W- and Z-bosons remain the same
mW =
vg
2
, mZ =
ν
√
g2 + g′2
2
. (62)
The same holds for the electron mass arising from the Yukawa coupling term
L′Y ukawa = −Ge (νeL, eL)
(
ϕ+
ϕ0
)
eR + h.c., (63)
which is of course not changed as already mentioned above and yields the electron mass
me = Geν. (64)
C. Gauge Field Sector of the Generalized Electroweak Theory
The Lagrangian of the gauge gauge field sector is a special manifestation of the general case of the generalized
Yang-Mills Lagrangian (18) with (17),(19),(20),(21),(22) and (23). In the special case of the generalized electroweak
theory there are four generators. If the three generators of the SU(2) with respect to the weak isospin and the
hypercharge are related to the general generators of (18) in the following way
T 0 =
1
2
1 , T 1 =
1
2
σ1 , T 2 =
1
2
σ2 , T 3 =
1
2
σ3, (65)
this means for the corresponding structure constants
f ijk =
{
ǫijk for i, j, k ∈ {1...3}, where ǫijk denotes the total antisymmetric tensor
0, if at least one of the indices is equal to zero,
(66)
since [T i, T j] = iǫijkT k, [T i, T 0] = 0 and [T 0, T 0] = 0 for i, j, k ∈ {1...3}. To determine the corresponding components
of the vector field, which are assumed to contain the gauge coupling constants with respect to this consideration,
there have to be used the relations (28) which define the vector fields Wµ, W †µ, Zµ and Aµ leading to
Aµ0 =
g′2Zµ√
g2 + g′2
+
gg′Aµ√
g2 + g′2
, Aµ1 =
g√
2
(
Wµ +W †µ
)
, Aµ2 =
g√
2
(
Wµ −W †µ) , Aµ3 = g2Zµ√
g2 + g′2
− gg
′Aµ√
g2 + g′2
,
(67)
if the components of the gauge field are modified by the corresponding gauge coupling constants as additional factors.
This means that the gauge field sector of the electroweak theory is the Lagrangian (18) with (17),(19), (20),(21),(22)
and (23), if one assumes that the index runs from 0 to 3 and the structure constants and vector field components with
respect to the Lie Algebra space correspond to (66) and (67). This Lagrangian contains the generalized uncertainty
principle and is invariant under local gauge transformations of the form
Dµ → exp [iαa(x)T a]Dµ exp [−iαa(x)T a] , a = 0...3. (68)
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V. RELATION TO QUANTUM CHROMODYNAMICS IN THE QUARK SECTOR
The Lagrangian of quantum chromodynamics itself under incorporation of a generalized uncertainty principle can
obviously be obtained very easily, if there is known the above consideration of the general case of Yang-Mills theories.
One has just to consider the special case of the SU(3)c in the above consideration of general Yang-Mills theories
and then the corresponding special Lagrangians (13) and (18) describe the theory, if as generators T a the eight
Gell-Mann matrices are used and the fabc are accordingly identified with their structure constants. However, things
become more intricate, if there is explored the combination of the electroweak theory and quantum chromodynamics
which means that there is considered the full gauge group of the standard model, SU(3)c ⊗ SU(2L) ⊗ UY (1), as
it appears in the quark sector. This is the case because of the fact that a combination of various gauge groups
leads to a coupling between the different potentials corresponding to these gauge groups, if there is presupposed a
generalized uncertainty principle. This is already the case within the generalized lepton Lagrangian (41) and also
within the extended electroweak gauge field Lagrangian, where the photon field couples to the W- and Z-bosons. But
in the quark sector even appears a combination of the strong and the electroweak interaction which are completely
independent of each other in the usual formulation of the standard model. The quark sector of the standard model
contains three douplets with respect to the SU(2)L ⊗ U(1)Y
(
1 + γ5
2
)(
u
au
)
,
(
1 + γ5
2
)(
c
ac
)
,
(
1 + γ5
2
)(
t
at
)
, (69)
where u, c and t denote the components describing the up-,charm and top-quark and the components au, ac and at
are defined as follows:

auac
at

 =

Vud Vus VubVcd Vcs Vcb
Vtd Vts Vtb



ds
b

 , (70)
where d, s and b denote the states of the down-, strange- and bottom-quark and V denotes the Cabibbo-Kobayashi-
Maskawa-matrix, which generates a mixture of the quarks which third component of the weak isospin is equal to -1/2.
The corresponding covariant derivative is
Dµ = ∂µ + iA
a
µτ
a − i
3
Bµy + iGCCcµGc , a = 1...3 , c = 1...8, (71)
where τa and y are defined according to (25), the Caµ are the components of the gauge potential belonging to the
SU(3)c, correspondingly the G
a denote the eight Gell-Mann matrices with respect to the colour space as generators
of the SU(3)c and GC describes the coupling constant of the strong interaction. The different factor of the y-term
arises from the different hypercharge of the quarks leading according to (48) to the charge values of q = +2/3 and
q = −1/3 respectively. Using the following definitions:
Aµ = cos θWAaµ
(
1 + γ5
4
)
σa − sin θW
3
Bµ
[(
1 + γ5
4
)
1+
(
1− γ5
2
)]
, GE =
√
g2 + g′2, Cµ = CaµGa, (72)
the covariant derivative (71) reads
Dµ = ∂µ + iGEAµ + iGCCµ. (73)
If this expression (73) of the covariant derivative is inserted into the general expression for the generalized covariant
derivative (9), one obtains
Dµ = [1− β (∂ρ + iGEAρ + iGCCρ) (∂ρ + iGEAρ + iGCCρ)] (∂µ + iGEAµ + iGCCµ)
= ∂µ + iGEAµ + iGCCµ − β (∂ρ∂ρ∂µ + iGE∂ρ∂ρAµ + 2iGE∂ρAµ∂ρ + iGEAµ∂ρ∂ρ + iGC∂ρ∂ρCµ + 2iGC∂ρCµ∂ρ
+iGCCµ∂ρ∂ρ + iGE∂ρAρ∂µ − G2E∂ρAρAµ − GEGC∂ρAρ ⊗ Cµ + 2iGEAρ∂ρ∂µ − 2G2EAρ∂ρAµ − 2G2EAρAµ∂ρ
−2GEGCAρ ⊗ ∂ρCµ − 2GEGCAρ ⊗ Cµ∂ρ + iGC∂ρCρ∂µ − GEGCAµ ⊗ ∂ρCρ − G2C∂ρCρCµ + 2iGCCρ∂ρ∂µ
−2GEGC∂ρAµ ⊗ Cρ − 2GEGCAµ ⊗ Cρ∂ρ − 2G2CCρ∂ρCµ − 2G2CCρCµ∂ρ − G2EAρAρ∂µ − iG3EAρAρAµ
−iG2EGCAρAρ ⊗ Cµ − G2CCρCρ∂µ − iGEG2CAµ ⊗ CρCρ − iG3CCρCρCµ − 2GEGCAρ ⊗ Cρ∂µ
−2iG2EGCAρAµ ⊗ Cρ − 2iGEG2CAρ ⊗ CρCµ
)
. (74)
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Within the covariant derivative (74) obviously appear terms which contain products of Aµ and Cµ, which live in
the product space of the SU(3)c Lie algebra of quantum chromodynamics and the SU(2)L ⊗ U(1)Y Lie algebra of
the electroweak theory, which generators are tensor products of the Gell-Mann matrices with the generators of the
electroweak theory (25). This means nothing else than that the gluons mediating the strong interaction and the
mediation particles of the electroweak interaction are coupled to each other according to this generalized version of
the description of the interactions of particle physics. This holds for the quark sector as well as for the gauge field
sector, which both contain the covariant derivative (74). If the three left handed quark doublets are subsumed into
QL and the flavour triplets of the right handed quarks with charge q = +2/3 and q = −1/3 are subsumed into Q+R
and Q−R
QL =
(
1 + γ5
2
){(
u
au
)
,
(
c
ac
)
,
(
t
at
)}
, Q+R =
(
1− γ5
2
)uc
t

 , Q−R =
(
1− γ5
2
)auac
at

 , (75)
where QL, Q
+
R and Q
−
R are of course also vectors in the colour space, then the Lagrangian of the quark sector of the
standard model reads
L′quark = iQ¯LγµDµQL + iQ¯+RγµDµQ+R + iQ¯−RγµDµQ−R
≡ Lq EW + Lq EW−QCD + Lq QCD. (76)
This Lagrangian (76) contains the generalized gauge principle and is invariant under local gauge transformations of
the form
QL → exp
[
iαa(x)τ
a + iαy(x)y + iα
b
G(x)G
b
]
QL , Q
+/−
R → exp
[
iαy(x)y + iα
b
G(x)G
b
]
Q
+/−
R ,
Dµ → exp
[
iαa(x)τ
a + iαy(x)y + iα
b
G(x)G
b
]Dµ exp [−iαa(x)τa − iαy(x)y − iαbG(x)Gb] , a = 1...3, b = 1...8.
(77)
The interesting term in (76) is Lq EW−QCD containing the intersection between the electroweak and the strong
interaction which reads
Lq EW−QCD = iQ¯Lγµ∆µ(A, C)QL + iQ¯+Rγµ∆µ(A, C)Q+R + iQ¯−Rγµ∆µ(A, C)Q−R, (78)
where ∆µ(A, C) is defined as
∆µ(A, C) = −GEGC∂ρAρ ⊗ Cµ − 2GEGCAρ ⊗ ∂ρCµ − 2GEGCAρ ⊗ Cµ∂ρ − GEGCAµ ⊗ ∂ρCρ
−2GEGC∂ρAµ ⊗ Cρ − 2GEGCAµ ⊗ Cρ∂ρ − iG2EGCAρAρ ⊗ Cµ − iGEG2CAµ ⊗ CρCρ
−2GEGCAρ ⊗ Cρ∂µ − 2iG2EGCAρAµ ⊗ Cρ − 2iGEG2CAρ ⊗ CρCµ. (79)
Thus it has been emerged that the strong interaction cannot be separated from the electroweak theory anymore in
a formulation of the standard model containing a generalized uncertainty principle. In such a theory there exist
coupling terms and thus vertices between quarks, mediation particles of the electroweak theory and gluons and this
means that the electroweak interaction is explicitly coupled to the strong interaction. This result is quite interesting
because in a fundamental theory one expects that all interactions are unified. In this sense this result delivers a hint
that the introduction of a generalized uncertainty principle to quantum field theory could indeed yield an appropriate
description of some aspects of a fundamental theory including a quantum theoretical description of gravity as they
are reflected in usual quantum field theory. This holds although these additional coupling terms represent not really
a grater unification, since also gravity couples to the mediation particles of the other interactions and this is not
interpreted as a kind of unified description with the other fundamental interactions. If there is incorporated the gauge
group SU(3)c of quantum chromodynamics, the Lagrangian of the gauge field of course also contains these intersection
between the gauge bosons of the electroweak theory and the gluons, since to built the field strength tensor of the
complete standard model there has naturally to be used the covariant derivative (74) containing the gluon potential
besides the electroweak potential. This would lead to a combined gauge field Lagrangian
Lgauge EW−QCD = 1
4
tr [Fµν(AC)Fµν(A, C)] , (80)
which combines the gauge fields of the electroweak theory and quantum chromodynamics. But this Lagrangian will
not be calculated explicitly in this paper.
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VI. PHENOMENOLOGICAL CONSEQUENCES
The extended electroweak theory containing a minimal length induced by a generalized uncertainty principle as it
is presented in this paper could become phenomenologically very important with respect to processes at very high
energies as they are reached at the LHC. Therefore in this section are discussed two classes of production respectively
scattering processes being predicted by the theory, one of them refers to the Higgs sector and the other refers to the
quark sector. In the Higgs sector appear new interaction terms implying additional vertices containg three and four
vector bosons in the calculation to the first order in β as it is considered in this paper. This leads to new production
processes of the Higgs particle. In the quark sector the completely new intersection between the electroweak and the
strong interaction leads of course to completely new Feynman diagrams and corresponding scattering processes of
quarks. Of course, there appear also important new interaction processes in the gauge field sector and the sector of
the quark Lagrangian just containing interaction terms with the gluons which could become important as well. In the
Feynman graphs drawn below plain lines denote Higgs particles, plain lines with arrows denote quarks, wiggly lines
denote photons, Z-particles, W+-particles or W−-particles and curly lines denote gluons. These Feynman diagrams
represent classes of interactions and thus correspond to various special interactions. Because of the big number of
additional terms in the generalized Lagrangians it is impossible to consider every special vertex separately. The
terms in the gauge field sector of the highest order in the potential, (22) and (23), induce vertices containing five and
six gauge bosons:


According to the above remark these two classes of vertices describe a big number of special interactions in-
corporating photons, Z-particles,W+-particles andW−-particles, which are not mentioned separately here. But they
can directly be obtained from (22) and (23). As all new vertices in this paper, they depend linear on the parameter
β. In the gauge field sector also takes place an intersection of the electroweak and strong interaction, leading to a
direct coupling of the gauge bosons of the electroweak theory and the gluons of quantum chromodynamics, which is
contained in the Lagrangian (80). In the two following subsections there will be considered new processes induced
by the generalization of the Higgs Lagrangian and the intersection Lagrangian of the generalized quark Lagrangian
describing interactions incorporating gluons and electroweak gauge bosons.
A. New Processes Concerning the Production of Higgs Particles
Since there exists a great probability that the Higgs particle as the only constitutive ingredient of the standard
model which has not been discovered so far will be discovered at the LHC, the new possible processes leading to
a production of Higgs particles according to the extension of the electroweak theory presented in this paper are of
particular interest. The new possible vertices can be obtained by the extended interaction terms contained in the
extension term of the Lagrangian (58). The first class of new vertices describes interactions between three vector
bosons and two Higgs particles and the vertices are therefore of the following shape:
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
The concrete mathematical expressions belonging to the very big number of special vertices which are con-
tained in this class of vertices can directly be obtained from the Lagrangian (58), but again are not explicitly written
here. These special vertices correspond to the following processes implying the production of a pair of Higgs particles:
γγγ → HH , ZZZ → HH , W+W+W− → HH , W+W−W− → HH , γγW+ → HH , γγW− → HH , γγZ → HH ,
γZZ → HH , γW+W− → HH , γZW− → HH , γZW+ → HH , ZW+W− → HH , ZZW+ → HH , ZZW− → HH .
Of course, the relevance of the contribution of these processes depends on the scale of the parameter β defining the
strength of the modification of the uncertainty relation and thus the value of the minimal length. The corresponding
cross sections are proportional to β2: σ ∼ β2, and they are of quadratic dimension in the coupling constants of the
electroweak theory, g or g′ respectively. The second class of vertices describes interactions between four vector bosons
and two Higgs particles. The corresponding special production processes are not considered here.

B. Combined Interaction Processes of the Electroweak and Strong Interaction in the Quark Sector
As it has been shown above in the quark sector of the extended gauge theory, given in (78) with (79), appear
new interaction terms containing the gauge potential of the electroweak theory as well as the gauge potential of
quantum chromodynamics. Therefore one is led to new interaction processes induced by these terms where the strong
and the electroweak interaction are combined. This corresponds to the introduction of the following classes of vertices:


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
The first class of vertices describes the interaction of a quark with one gluon and one photon, Z-particle,
W+-particle or W−-particle. The second class of vertices describes the interaction of a quark with two gauge bosons
of the electroweak theory and a gluon and the third class of vertices describes the interaction of a quark with one
gauge boson of the electroweak theory and two gluons. The flavour and colour of the quark is not determined.
If one considers the scattering process of two quarks at the tree level for example, the Feynman graph below yields
the most important contribution of the intersection term of the extended Lagrangian of the quark sector, since the
two vertices are quadratic in the coupling constant of the strong interaction GC . The other two vertices are just
linear in the coupling constant of the strong interaction and therefore the corresponding quark scattering processes
give a contribution being much smaller.

Of course, the diagram describing the quark scattering, corresponds to various processes, since the quark
coulour and flavour is not determined and the gauge boson of the electroweak theory as one of the three mediation
particles can be a photon, Z-particle, W+-particle or W−-particle. Since the two vertices are proportional to β, G2C
and GE , the corresponding cross sections of these processes are proportional to β4, G8C and G4E : σ ∼ β2G4CG2E , where
GE is defined according to (72). The above diagram also describes an annihilation respectively production process
of quarks mediated by two gluons and one electroweak gauge boson: qq¯ → ggγ/Z/W+/W− → qq¯. Depending on
the special gauge boson of the electroweak theory, a quark-anti-quark pair can be converted to a quark-anti-quark
pair of new flavour. It is not possible to explore the rich phenomenology of the extended electroweak theory
completely in this paper. Therefore there has just been given a short discussion of possibly relevant phenomenological
consequences arising from the presented theory without determining concrete expressions for cross sections. But
these considerations should inspire more elaborate investigations of the mentioned phenomenology with respect to
continuing research projects.
VII. SUMMARY AND DISCUSSION
In this paper the extension of gauge theories according to the introduction of a generalized uncertainty principle to
quantum field theory as it was considered in [49] with respect to electrodynamics and the SO(3, 1) gauge formulation
of general relativity has been applied to the case of Yang-Mills theories with gauge group SU(N) and escpecially
to the electroweak theory of the standard model with gauge group SU(2)L ⊗ U(1)Y . There have been calculated
the generalized Lagrangians of the matter field being coupled to the Yang-Mills gauge field and the corresponding
Yang-Mills Lagrangian for the gauge field by presupposing the generalized field strength tensor which is built from
the extended covariant derivative. To obtain the correct extension of the specific case of the electroweak theory, the
corresponding covariant derivative containing the W -,W †-,Z- and A-field has to be inserted to the general shape of
the generalized covariant derivative containing products of the gauge potential and maintaining gauge invariance in
the presence of a generalized uncertainty principle. There have been calculated the generalized terms of the different
sectors of the corresponding Lagrangian in a series expansion to the first order in the modification parameter β. This
consideration leads to a much more complicated interaction structure of the electroweak theory with additional self-
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interaction terms. The electromagnetic field does not only interact with itself but also with the W -, W †- and Z-field.
Although the dynamics of the Higgs-sector is also changed decisively, the generated masses remain unchanged, since
all extension terms contain at least one additional derivative or potential factor and therefore there appear no further
mass terms. The most interesting property appears in the quark sector, since the consideration of the full gauge group
of the standard model, SU(3)c⊗SU(2)L⊗U(1)Y , leads to a coupling between the gauge potential of the electroweak
theory and the one of quantum chromodynamics. This quality has its origin in the appearing product of potentials
in the generalized covariant derivative leading to intersections of the potentials, if two gauge groups are combined.
Accordingly the introduction of a generalized uncertainty principle to the description of the standard model causes an
interaction between the photon and the W - and Z-particles as mediation particles of the electroweak interaction and
the gluons as mediation particles of the strong interaction. This can be interpreted as a kind of consequence of the
fact that on a fundamental level the interactions of the standard model are completely unified and can therefore not
be separated from each other anymore. With respect to this advisement this property of the extended electroweak
theory seems not to be very surprising. The presented extension of the electroweak theory yields further one of the
few considerations, like [57] for example, containing an explicite relation between indirect aspects of quantum gravity
and the electroweak theory. Considerations of generalizations of the standard model with respect to noncommutative
geometry can be found in [54],[55],[56]. Of course, the generalization of the electroweak theory in [54] is closely related
to the generalized description of the electroweak theory presented in this paper, since the concept of noncommuting
coordinates is associated with the generalized uncertainty principle. Finally there have been considered some special
processes which could lead to observable effects at the LHC. This depends of course on the scale defined by the
parameter β within the generalized uncertainty principle. The extension of the Higgs Lagrangian is of particular
interest, since the Higgs particle as a decisive ingredient of the standard model is still undiscovered and is expected
to be discovered at the LHC. There appear new processes where the annihilation of three or respectively four gauge
bosons leads to the production of two Higgs particles what could give a significant contribution to the production rate
of Higgs particles at the LHC. One possible process would be the annihilation of three photons leading to a production
of a pair of Higgs particles, γγγ → HH . Besides, the intersection of the electroweak and the strong interaction in the
quark sector leads to completely new vertices which could give important contributions to quark scattering processes
at high energies. The calculation of concrete cross sections with respect to the Higgs as well as the quark sector would
be a very interesting topic for further research projects continuing the considerations of this paper.
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